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X-RAY DETECTOR AND X-RAY CT
APPARATUS

TECHNICAL FIELD

The present invention relates to an X-ray detector which
detects X-rays and in particular, to a techmque for installing
an X-ray detector in an X-ray CT apparatus approprately.

BACKGROUND ART

A collimator plate 1s disposed to remove excessive scat-
tered rays, which are incident on a scintillator that receives
X-rays transmitted through an object, when scanning a part of
the object with an X-ray CT apparatus (refer to PTL 1).

CITATION LIST
Patent Literature

|PTL 1] JP-A-8-243093

SUMMARY OF INVENTION
Technical Problem

In PTL 1, however, collimator plates arrayed at fixed dis-
tances 1n the circumierential direction of rotation of the X-ray
C'T apparatus and pillars for fixing both sides of the collimator
plates from the rotation axis direction are provided. Grooves
for placing the collimator plates are engraved on the pillars 1n
order to fix the collimator plates at two places of both the
sides.

For this reason, there has been concern regarding the occur-
rence of artifacts on a CT image due to deformation resulting,
from the 1nsuificient strength of the collimator plate against
the centrifugal force generated by the rotational movement of
the X-ray CT apparatus. In addition, since a ceramic material
or the like 1s used for the pillars and it 1s necessary to engrave
as many grooves as the collimator plates, there has been a
problem 1n that the ease of processing is not suificient when
using a ceramic material or the like that requires advanced
processing.

Therefore, 1t 1s an object of the present invention to provide
an X-ray detector, which can reduce the deformation of a
collimator plate and can be easily processed and installed, and
an X-ray CT apparatus using it.

Solution to Problem

In order to achieve the above-described object, the present
invention 1s an X-ray detector including a collimator plate,
and a scintillator array, a photoelectric conversion element
array and a substrate that are bonded 1n order from an X-ray
incidence direction. The collimator plate 1s disposed such that
one of a pair of opposite sides of the collimator plate 1s
bonded to a lower support plate bonded on the scintillator
array and the other side 1s bonded to an upper support plate
opposite the lower support plate and directions of the opposite
sides are the same as a rotation axis direction of an X-ray CT
apparatus 1n which the X-ray detector 1s provided. In addition,
a paitr of fixed pillars adjacent to two sides in a direction
perpendicular to one side of the collimator plate bonded to the
upper support plate are provided, and at least one of the upper
support plate and the lower support plate 1s bonded to the
fixed pillar.
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Advantage of the Invention

According to the present invention, 1t 1s possible to provide
an X-ray detector, which can reduce the deformation of a

collimator plate and can be easily processed and 1nstalled, and
an X-ray CT apparatus using it.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a view showing the entire configuration of an
X-ray CT apparatus related to an embodiment of the present
invention.

FIG. 2 1s a view for explaining an X-ray detector of a first
embodiment.

FIG. 3 1s a view of an X-ray detector when FIG. 2 1s seen
from the cross section a-a'.

FIG. 4 1s a view of an X-ray detector when FIG. 2 1s seen
from the cross section b-b'.

FIG. 5 1s a view for explaiming an X-ray detector of a
second embodiment.

FIG. 6 1s a view for explaining an X-ray detector of a third
embodiment.

FIG. 7 1s a view for explaiming another X-ray detector of
the third embodiment.

FIG. 8 1s a view for explaining an X-ray detector of a fourth
embodiment.

FIG. 9 1s a view of an X-ray detector when FIG. 8 1s seen
from the cross section c-c'.

FIG. 10 1s a view of an X-ray detector when FIG. 8 1s seen
from the cross section d-d'.

FIG. 11 1s a view for explaining an X-ray detector of a fifth
embodiment.

FIG. 12 1s a view for explaining an X-ray detector of a sixth
embodiment.

FIG. 13 15 a view for explaining another X-ray detector of
the sixth embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinatter, an X-ray detector and an X-ray CT apparatus
of the present invention will be described 1n detail according
to the accompanying drawings. In addition, 1n all drawings
for explaining the embodiments of the present invention, the
same reference numerals are given to those with the same
functions and repeated explanation thereof will be omatted.

FIG. 1 1s a view showing the entire configuration of an
X-ray CT apparatus to which the present invention 1s applied.
The X-ray CT apparatus 1 includes a scan gantry unit 100 and
a console 120. The scanning gantry unit 100 includes an
X-ray tube 101, a rotary disk 102, a collimator for an X-ray
tube 103, an X-ray detector 106, a data acquisition device
107, a bed 105, a gantry controller 108, a bed controller 109,
and an X-ray controller 110. The X-ray tube 101 1s a device
which emits X-rays to an object placed on the bed 105. The
collimator for an X-ray tube 103 1s a device which restricts the
radiation range of X-rays emitted from the X-ray tube 101.
The rotary disk 102 includes an opening 104 through which
the object placed on the bed 105 1s inserted and also includes
the X-ray tube 101 and the X-ray detector 106 mounted
therein, and rotates around the object.

The X-ray detector 106 1s a device which 1s disposed oppo-
site the X-ray tube 101 and measures the spatial distribution
of transmitted X-rays by detecting X-rays transmitted
through the object. The X-ray detector 106 1s formed by
arraying a plurality of scintillator arrays 1065 and a plurality
of collimator plates 106a for removing excessive scattered

rays, which are mcident on the scintillator arrays 1065, 1n a




US 8,817,946 B2

3

rotation direction of the rotary disk 102 or arraying the scin-
tillator arrays 1065 and the collimator plates 1064 1n a two-
dimensional direction of the rotation direction of the rotary
disk 102 and the rotation axis direction. The scintillator array
1065 converts detected X-rays into visible light.

The converted visible light 1s converted mto an electric
signal by a photoelectric conversion element array (not shown
in the drawing 1n particular), and the electric signal 1s trans-
mitted to the data acquisition device 107. The data acquisition
device 107 1s a device which acquires the amount of X-rays
detected by the X-ray detector 106 as digital data. The gantry
controller 108 1s a device which controls the rotation of the
rotary disk 102. The bed controller 109 1s a device which
controls the bed 105 to move up and down and back and forth.
The X-ray controller 110 1s a device which controls electric
power mput to the X-ray tube 101.

The console 120 includes an input device 121, an 1mage
operation device 122, a display device 125, a storage device
123, and a system controller 124. The mnput device 121 1s a
device for inputting the name of the object, examination date
and time, scanning conditions, and the like. Specifically, the
mput device 121 1s a keyboard or a pomnting device. The
image operation device 122 1s a device which reconstructs a
CT 1image by performing arithmetic processing on the mea-
surement data transmitted from the data acquisition device
107. The display device 125 1s a device which displays the CT
image created by the image operation device 122. Specifi-
cally, the display device 125 1s a CRT (Cathode-Ray Tube), a

liquad crystal display, or the like. The storage device 123 1s a
device which stores data acquired by the data acquisition
device 107, 1image data of the C'T image created by the image
operation device 122, and data which i1s stored in advance at
the time of product shipment so that object information on
cach scan protocol and the scanning length of an object in the
body axis direction are correlated (hereinafter, referred to as
“storage data”). Specifically, the storage device 123 1s a HDD
(Hard Disk Drive) or the like.

The system controller 124 1s a device which controls these
devices, the gantry controller 108, the bed controller 109, and
the X-ray controller 110. The X-ray controller 110 controls

clectric power input to the X-ray tube 101 on the basis of the
scanning conditions input through the input device 121, espe-
cially, on the basis of an X-ray tube voltage, an X-ray tube
current, and the like, so that the X-ray tube 101 emits X-rays
to the object according to the scanning conditions. The X-ray
detector 106 detects X-rays, which are emitted from the X-ray
tube 101 and transmitted through the object, using a plurality
of X-ray detecting elements and measures the distribution of
transmitted X-rays. The rotary disk 102 1s controlled by the
gantry controller 108 and rotates on the basis of the scanning
conditions mput through the mput device 121, especially on
the basis of the rotation speed and the like. The bed 105 1s
controlled by the bed controller 109 and operates on the basis
ol the scanning conditions input through the mmput device 121,
especially on the basis of the helical pitch and the like.

X-ray emission from the X-ray tube 101 and measurement
of the distribution of transmitted X-rays by the X-ray detector
106 are repeated while the rotary disk 102 1s rotating. As a
result, projection data from various angles 1s acquired. The
acquired projection data from various angles 1s transmitted to
the 1mage operation device 122. The image operation device
122 reconstructs a C'T 1image by performing back projection
processing on the transmitted projection data from various
angles. The C'T image obtained by reconstruction 1s displayed
on the display device 125.
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First Embodiment

Next, a first embodiment of the present invention will be

described using FIGS. 2 to 4.

An X-ray detector 2 shown 1n FIG. 2 shows 1n detail a part
of the X-ray detector 106 shown 1n FIG. 1. In addition, the
X-ray detector 106 shown in FIG. 1 1s a view when seen from
the rotation axis direction of the X-ray CT apparatus 1, while
the X-ray detector 2 shown 1n FIG. 2 1s a view when seen from
the circumierential direction of rotation of the X-ray CT
apparatus 1. FIG. 3 1s the X-ray detector 2 when seen in the
arrow direction from the cross section a-a' shown in FIG. 2.
FIG. 4 1s the X-ray detector 2 when seen 1n the arrow direction
from the cross section b-b' shown 1n FIG. 2.

The X-ray detector 2 of the present embodiment 1s pro-
vided by bonding a scintillator array 203, a photoelectric
conversion element array 202, and a substrate 201 1n order
from the direction of the incidence of X-rays (hereinafter, an
X-ray mcidence direction 21).

A lower support plate 206 for fixing collimator plates 204
at approximately fixed distances 1n the circumierential direc-
tion of rotation of the X-ray CT apparatus 1 1s provided on the
surface ol the scintillator array 203 facing the X-ray incidence
direction 21 (heremafter, an X-ray incidence surface). The
lower support plate 206 1s bonded to the X-ray incidence
surface of the scintillator array 203 using an adhesive. The
collimator plate 204 has a rectangular plate shape. One side of
the collimator plate 204 1s bonded to the lower support plate
206, and another side opposite the one side 1s bonded and
fixed to an upper support plate 205 facing the lower support
plate using an adhesive or the like.

That 1s, the collimator plate 204 1s placed in a form in which
its two sides facing each other 1n the same direction as the
rotation axis direction of the X-ray CT apparatus 1 are inter-
posed 1n the lower support plate 206 and the upper support
plate 2035, respectively. Although the collimator plate 204 has
a rectangular shape 1n the present embodiment, it may have
any polygonal shape with a pair of opposite sides.

A lower support plate groove 206a and an upper support
plate groove 205q for positioning and placing the plurality of
collimator plates 204 are provided in the lower support plate
206 and the upper support plate 205, respectively. Since the
plurality of collimator plates 204 are arrayed at approxi-
mately fixed distances in the circumierential direction of
rotation of the X-ray CT apparatus 1, the distance between the
plurality of upper support plate grooves 2054 provided in the
upper support plate 205 1s narrower than the distance between
the plurality of lower support plate grooves 206a provided in
the lower support plate 206 (not shown in the drawing in
particular).

A resin material 1s used as a material of the lower support
plate 206 and the upper support plate 205 in order to minimize
attenuation of X-rays. As the resin material, there 1s polycar-
bonate or the like. By using polycarbonate injection molding
by a mold, the lower support plate groove 206a and the upper
support plate groove 205a can be easily formed 1n the lower
support plate 206 and the upper support plate 205, respec-
tively.

As described above, 1in the X-ray detector 2 of the present
embodiment, when placing the collimator plate 204, two
opposite sides of the collimator plate 204 with the same
direction as the rotation axis direction of the X-ray CT appa-
ratus 1 are disposed so as to be interposed in the lower support
plate 206 and the upper support plate 205, respectively.
Accordingly, since the deformation of the collimator plate
204 by the centrifugal force generated by the rotational move-
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ment of the X-ray CT apparatus can be reduced, artifacts on
the CT 1mage generated by the deformation can be reduced.

Second Embodiment

Next, a second embodiment of the present invention will be
described using FIG. 5.

An X-ray detector 3 shown 1n FIG. 5§ 1s a view showing a
different embodiment from FIG. 2 shown 1n the first embodi-
ment. A different portion from the first embodiment will be
described.

Compared with the X-ray detector 2 of the first embodi-
ment, the X-ray detector 5 of the second embodiment does not
use the lower support plate 206 for placing the collimator
plate 204. Instead of the lower support plate 206, a scintillator
groove 203a for positioning and fixing the collimator plate
204 15 provided 1n a part of the X-ray incidence surface of the
scintillator array 203. The distance between the plurality of
scintillator grooves 203a provided in the scintillator array 203
1s wider than the distance between the upper support plate
grooves 205a provided in the upper support plate 205 by the
same reason as in the case of the first embodiment (not shown
in the drawing 1n particular).

As described above, the X-ray detector 5 of the present
embodiment does not need the lower support plate 206 since
a groove 1s provided 1n a scintillator array 301 in order to
place one side of the collimator plate 204 therein. Therefore,
it 1s possible to form the lighter X-ray detector 3.

Third Embodiment

Next, a third embodiment of the present invention will be
described using FIG. 6.

An X-ray detector 6 shown 1n FIG. 6 1s a view showing a
different embodiment from FIG. 2 shown 1n the first embodi-
ment. A different portion from the first embodiment will be

described.

Compared with the istallation configuration of the colli-
mator plate 204 of the X-ray detector 2 of the first embodi-
ment, the lower support plate 206 and the upper support plate
205 are bonded using a pair of fixed pillars 601 which are
adjacent to two sides 1n a direction perpendicular to one side
of the collimator plate 204 bonded to the upper support plate
205, respectively, 1n the X-ray detector 6 of the third embodi-
ment. In addition, the fixed pillar 601 1s bonded to the sub-
strate 201.

As described above, 1n the X-ray detector 6 of the present
embodiment, deformation of the collimator plate 204 by the
centrifugal force generated by the rotational movement of the
X-ray CT apparatus can be more reduced than in the first
embodiment by bonding the lower support plate 206 and the
upper support plate 205 to the fixed pillar 601 bonded to the
substrate 201. As aresult, artifacts on the CT image generated
by the deformation can be reduced.

The present embodiment 1s not limited to this, and only the
upper support plate 205 may be bonded using the fixed pillar
601, for example, as 1n an X-ray detector 7 shown in FIG. 7.
In the X-ray detector 7 shown 1n FIG. 7, the upper support
plate 205 1s bonded using the fixed pillar 601 compared with
the X-ray detector 5 shown in FIG. 5. In the X-ray detector 7
shown 1n FIG. 7, the number of components can be reduced
compared with that 1n the X-ray detector 6. In addition, since
the lower support plate 206 1s not used, 1t 1s possible to

climinate attenuation of X-rays caused by the lower support
plate 206.
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Fourth Embodiment

Next, a fourth embodiment of the present invention will be
described using FIGS. 8 to 10.

An X-ray detector 8 shown 1n FIG. 8 shows in detail a part
of the X-ray detector 106 shown 1n FIG. 1. In addition, the
X-ray detector 106 shown in FIG. 1 1s a view when seen from
the rotation axis direction of the X-ray CT apparatus 1, while
the X-ray detector 8 shown in FIG. 8 1s a view when seen from
the circumierential direction of rotation of the X-ray CT
apparatus 1. FIG. 9 1s the X-ray detector 8 when seen in the
arrow direction from the cross section c¢-¢' shown in FIG. 8.
FIG. 10 1s the X-ray detector 8 when seen 1n the arrow direc-
tion from the cross section d-d' shown in FIG. 8.

The X-ray detector 8 of the present embodiment includes a
comb-shaped metal plate 802, which has a comb-shaped
groove 802a with a comb shape for fixing the plurality of
collimator plates 204 toward the collimator plate 204, at the
top 8016 opposite the bottom 801a of a fixed pillar 801
provided on the substrate 201, and the collimator plate 204 1s
fixed by four parts of the comb-shaped metal plates 802, the
scintillator groove 203a, and an upper support plate 803.

In order to form the comb-shaped groove 802a, a plurality
of comb-shaped metal plates 802 are made to overlap and are
then machined simultaneously by a diamond blade or a multi-
wire saw. Thus, a plurality of comb-shaped metal plates 802
can be easily formed.

The comb-shaped metal plate 802 bonds a part of the side
of the collimator plate 204 to the comb-shaped groove 802a
while maintaining the positional relationship between
grooves of the comb-shaped groove 802a and the scintillator
groove 203a. Since the plurality of collimator plates 204 are
radially arrayed 1n the circumierential direction of rotation of
the X-ray C'T apparatus 1 between adjacent collimator plates
204, the distance between the comb-shaped grooves 802a and
the distance between the scintillator grooves 203a may be
different. More specifically, the distance between the comb-
shaped grooves 802a, which are located turther inward with
respect to the rotation axis of the X-ray CT apparatus 1 than
the scintillator grooves 203a, 1s narrower than the distance
between the scintillator grooves 203a.

Similar to the upper support plate groove 205a provided in
the upper support plate 205, an upper support plate groove
803¢ for fixing one side of the collimator plate 204 1s pro-
vided 1n the upper support plate 803. Accordingly, more spe-
cifically, one side of the collimator plate 204 1s bonded and
fixed to the upper support plate groove 803a provided 1n the
upper support plate 803.

When placing the upper support plate 803, the upper sup-
port plate groove 803a and the collimator plate 204 are
aligned after all the collimator plates 204 on the substrate 201
are bonded by the comb-shaped groove 8024 and the scintil-
lator groove 2034, and the collimator plate 204 1s fixed by the
upper support plate 803 so as to cover the collimator plate
204. In order to bond the upper support plate groove 803a and
the collimator plate 204 to each other, 1t 1s preferable to use an
adhesive or the like, which 1s cured at a temperature close to
room temperature, so that the shrinkage of resin when cured
1s suppressed. In addition, the upper support plate 803 which
fixes the collimator plate 204 1s bonded to the top of the fixed
pillar 801 with a screw 804, an adhes1ive, or the like.

A resin material 1s used as a material of the upper support
plate 803 1n order to minimize attenuation of X-rays. As the
resin material, there 1s polycarbonate or the like. When form-
ing the upper support plate groove 803a with polycarbonate,
the same method as the method when forming the upper
support plate groove 2034 can be used.
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A material with which machining accuracy 1s easily
obtained, such as ceramic or brass, 1s used for the fixed pillar
801. Ceramic material 1s light but lacks ease of processing. In
the present embodiment, however, 1t 1s not necessary to form
a groove, which fixes the collimator plate 204, with a ceramic
material for each collimator plate 204 even if a ceramic mate-
rial 1s used. Accordingly, the present embodiment can be
executed without reducing the ease of processing.

The present embodiment 1s not limited to this, and it 1s
needless to say that the present embodiment can also be
applied to a case where the lower support plate 206 1s used
instead of the scintillator groove 203a to place the collimator
plate 204, for example.

As described above, 1n the X-ray detector 8 of the present
embodiment, deformation of the collimator plate 204 by the
centrifugal force generated by the rotational movement of the
X-ray CT apparatus can be more reduced than in the third
embodiment by fixing the collimator plate 204 from all sides
by the comb-shaped metal plates 802, the scintillator groove
203a or the lower support plate 206, and the upper support
plate 803. As a result, artifacts on the CT image generated by
the deformation can be reduced.

Fitth Embodiment

Next, a fifth embodiment of the present invention will be
described using FIG. 11.

In an X-ray detector 11 shown 1n FIG. 11, the collimator
plate 204 1s fixed using a comb-shaped metal plate 8035 further
compared with the X-ray detector 8 shown 1n FIG. 8.

The comb-shaped metal plate 805 has a comb-shaped
groove (not shown 1n the drawing 1n particular) with a comb
shape for fixing the collimator plate 204 in the same manner
as the comb-shaped metal plate 802, and its shape and mate-
rial are the same as those of the comb-shaped metal plate 802.
The collimator plate 204 1s fixed by the comb-shaped groove
of the comb-shaped metal plate 805.

The comb-shaped metal plate 805 1s placed 1n a slit 11014
which 1s formed i1n the approximately middle portion of a
fixed pillar 1101 so as to be approximately parallel to the
substrate 201. Even 1t a material, such as ceramic or brass, 1s
used for the fixed pillar 1101 1n the same manner as for the
fixed pillar 801, 1t 1s not necessary to form a groove corre-
sponding to each collimator plate 204 with a ceramic material
or brass. Accordingly, the present embodiment can be
executed without reducing the ease of processing.

As described above, 1n the X-ray detector 11 of the present
embodiment, deformation of the collimator plate 204 by the
centrifugal force generated by the rotational movement of the
X-ray CT apparatus can be reduced more than in the fourth
embodiment by increasing the number of bonding places of
the collimator plate 204 using the comb-shaped metal plate
805 1n addition to the comb-shaped metal plate 802 so that 1t
1s 1ixed 1n a total of six places. As a result, artifacts on the CT
image generated by the deformation can be reduced.

The present embodiment 1s not limited to this. It 1s also
possible to provide a slit, which 1s formed 1n the same manner
as the slit 11014, 1n the fixed pillar 1101 and to increase the
number of bonding places of the collimator plate 204 by
placing the same comb-shaped metal plate as the comb-
shaped metal plate 805 1n the provided slit.
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Sixth Embodiment

Next, a sixth embodiment of the present invention will be
described using FIG. 12.

An X-ray detector 12 shown 1n FIG. 12 1s a view showing
a case where a plurality of scintillator arrays 203 and a plu-
rality of photoelectric conversion element arrays 202 are
arrayed on the substrate 201 1n the rotation axis direction of
the X-ray CT apparatus 1.

Here, each scintillator array 203 and each photoelectric
conversion element array 202 will be described in detail. In
cach of the scintillator array 203 and the photoelectric con-
version element array 202, elements are arrayed 1n 16 col-
umuns in the rotation axis direction of the X-ray CT apparatus
1, for example. By arraying a plurality of modules, for
example, 16 modules on the substrate 201 with the scintillator
array 203 and the photoelectric conversion element array 202,
each of which includes elements 1n 16 columns, as one mod-
ule, 1t 1s possible to form an X-ray detector having detectors in
many columns, such as 256 columns. The X-ray detector 12
shown 1n FIG. 12 1s a view when two modules are arrayed.
Dividing each module 1s due to various limitations on the
manufacture of each element.

When a plurality of modules are arrayed 1n the rotation axis
direction of the X-ray CT apparatus 1 as described above, the
collimator plate 204 1s disposed for each module and a plu-
rality of collimator plates 204 (here, two collimator plates
204) are fixed using one lower support plate 2061 and one
upper support plate 2051. Since the plurality of collimator
plates 204 can be fixed at once compared with the case where
the collimator plate 204 1s fixed using a lower support plate
and an upper support plate for each collimator plate 204, the
X-ray detector 12 can be easily configured.

Naturally, the collimator plate 204 may be fixed using a
lower support plate and an upper support plate for each col-
limator plate 204.

As described above, the X-ray detector 12 of the present
embodiment can be easily configured by fixing the collimator
plate 204 disposed 1n each module using one lower support
plate 2061 and one upper support plate 2051 even when a
plurality of modules are arrayed in the rotation axis direction
of the X-ray CT apparatus 1.

The present embodiment 1s not limited to thas.

For example, as in an X-ray detector 13 shown in FI1G. 13,
one upper support plate 2051 which fixes the plurality of
collimator plates 204 and the lower support plate 206 which is
used for each collimator plate 204 may be used 1n combina-
tion when fixing the plurality of collimator plates 204.

DESCRIPTION OF REFERENCE NUMERALS
AND SIGNS

1: X-ray C1 apparatus

2.5, 6, 8: X-ray detector

21: X-ray incidence direction
100: scan gantry unit

101: X-ray tube

102: rotary disk

103: collimator for an X-ray tube
104: opening

105: bed

106: X-ray detector

106a, 204: collimator plate
1065: scintillator array

1077 data acquisition device
108: gantry controller

109: bed controller
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110:
120:
121:
122:
123:
124:
125:
201:

X-ray controller

console

input device

1image operation unit
storage device

system controller

display device

substrate

202: photoelectric conversion element array
203: scintillator array

203a: scintillator groove

205, 2051 upper support plate
2035a: upper support plate groove
206, 2061: lower support plate
206a: lower support plate groove
301: scintillator array

601, 801: fixed pillar

801a: bottom

801b: top

802: comb-shaped metal plate
802a: comb-shaped groove

803: upper support plate

803, 803a: upper support plate groove
804: screw

805: comb-shaped metal plate
1101: fixed pillar

1101a: slit

The mvention claimed 1s:

1. An X-ray detector comprising a collimator plate, and a
scintillator array, a photoelectric conversion element array
and a substrate that are bonded 1n order from an X-ray 1nci-
dence direction, wherein 1n the collimator plate, one of a pair
of opposite sides of the collimator plate 1s bonded to an X-ray
incidence surface of the scintillator array and the other side 1s
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bonded to an upper support plate, and at least one place of 35

cach of two sides of the collimator plate 1n a direction per-
pendicular to the opposite sides 1s bonded by a comb-shaped
metal plate, and wherein the comb-shaped metal plate has a
groove which 1s parallel to the opposite sides, and
wherein the comb-shaped metal plate 1s parallel to the
X-ray 1ncident surface of the scintillator array.
2. The X-ray detector according to claim 1,
wherein a pair of fixed pillars adjacent to two sides 1n a
direction perpendicular to one side of the collimator
plate bonded to the upper support plate are provided, and
the upper support plate and the comb-shaped metal plate
are bonded to the fixed pillars.
3. The X-ray detector according to claim 2, wherein a slit 1s
provided 1n an approximately middle portion, in the X-ray
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incidence direction, of the fixed pillar so as to be approxi-
mately parallel to the substrate, and the comb-shaped metal
plate 1s bonded to the slit.

4. An X-ray CT apparatus comprising:

an X-ray source which emits X-rays to an object;

an X-ray detector which 1s disposed opposite the X-ray
source 1n order to detect X-rays transmitted through the
object;

a rotary disk in which the X-ray source and the X-ray
detector are mounted and which rotates around the
object;

an 1mage reconstruction device which reconstructs a tomo-
graphic 1mage of the object on the basis of the amount of
transmitted X-rays detected by the X-ray detector; and

an 1mage display device which displays the tomographic
image reconstructed by the image reconstruction device,

wherein the X-ray detector 1s the X-ray detector according
to claim 1.

5. The X-ray CT apparatus according to claim 4, wherein
the collimator plate 1s disposed such that one of a pair of
opposite sides of the collimator plate 1s bonded to a lower
support plate bonded on the scintillator array and the other
side 1s bonded to an upper support plate and directions of the
opposite sides are the same as a rotation axis direction of the
X-ray C1 apparatus.

6. The X-ray CT apparatus according to claim 5, wherein a
pair of fixed pillars adjacent to two sides 1n a direction per-
pendicular to one side of the collimator plate bonded to the
upper support plate are provided, and at least one of the upper
support plate and the lower support plate 1s bonded to the
fixed pillars.

7. The X-ray CT apparatus according to claim 4, wherein
the collimator plate 1s disposed such that one of a pair of
opposite sides of the collimator plate 1s bonded to an X-ray
incidence surface of the scintillator array and the other side 1s
bonded to an upper support plate and directions of the oppo-
site sides are the same as a rotation axis direction of the X-ray
C 1 apparatus.

8. The X-ray CT apparatus according to claim 7, wherein a
pair of fixed pillars adjacent to two sides 1n a direction per-
pendicular to one side of the collimator plate bonded to the
upper support plate are provided, and the upper support plate
1s bonded to the fixed pillars.

9. The X-ray detector according to claim 1, wherein the
upper support plate 1s bonded to the collimator plates after the
comb-shaped metal plate 1s bonded to all of the collimator
plates.
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